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A, fölPOSB, 

1*  This study was conducted to oompare the suitability of five different 
principles of instrument indication for check reading purposes. Two types of 
reading evaluation were made:  (a) simple check reading, or the mere detection 
of a deviation and (b) qualitative reading, or judgement of the 'direction of 
a deviation»   

B. FACTUAL DATAi 

2. In this experiment, the exact Quantitative information presented on a 
standard airspeed indicator was duplicated on four other simulated instruments, 
all of which were thet compared for ease of Check reading, A rotating dial, 
a rotating pointer, a moving pointer on a linear scale, a moving linear scale 
and a direct reading oounter were the indicators used. These instruments are 
shown in Figure! of Appendix I. 

3, Three separate experiments wore undertaken« In each, the task of 
the subject was to respond by appropriate movement of a toggle switch to random 
presentations of the five simulated instruments in an exposure apparatus. This 
apparatus consisted of a panel with a window behind which the instrument assemblies 
could be interchangeably mounted. A shutter covered the indioator between trials. 
In one of tho experiments the subject was required to judge whether or cot the 
instrument reading had changed from a desired reading (check reading). The other 
two experiments required the additional judgement of the direction of deviatii.^ 
readings (qualitative reeding). 

k»      The results of these experiments showed that the time for simple check 
reading and making of an appropriate switch movement ranged from 0.51 seconds for 
a rotating pointer to 0.6*4. seconds for a rotating dial indioator. For the more 
ocroplex qualitative reading the response times ranged from 0.59 to 1.09 seconds 
With considerable variation depending upon the type of indioator and direction of 
switch movement. In general the moving pointer indicators were superior to 
those with moving scales. For both types of reading which were measured the direct 
reading oounter with three digits gave recults comparable to the best indicators. 
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i'he following conclusion« art, draw» froan this series of experimentsi 

\*%~«*:..: Having pointer instruments are In general superior ^f''mövl»g:jwT' •srv i^strumeht s for., ease-,.of.c 
agiap""* 

i^p^a^^Er s* 
7'   D*      For judging" the direction of an SM9^fvm^^^^^m~^§^^^lpi: 

foorease pr_ decrease the 9 and 12 o»clock positions of a circular dial (Ire; 'somewlÄt 
-    superior to tbo J and 6 o'elöck positions«        _     :~T~' _'/'.fZ.'Z^^ZT-:~'.'L^l.X 

,,...-. -o.      A-noving pointer on a oiroular dial appears to be slighfcljy •upetiar 
£to amoving pointer on a linear soaie for ease of check re^ading.    For c^ali^tl'iN^ 
,.reading the moving pointer on a linear soale appearß to have a general advantage 

over-"'! rotating pointer sinbe the former has the same direction of motion;-fer~ " 
all parts of the scale. 

d.,    A direct reading counter with only three digits  gives excellent 
results for ease of oheok and qualitative reading when only on« instrument is being 
read as in this investigation._    _   „^^_*„ 

e.      In measurements of qualitative reading, which involve judging the 
direction of a deviation, the nature of the response required of the subject is 
a significant factor in determining the speed and aoeuraoy of response* 

D.       Tttr.rWMKfflWIOKS» 
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Psychological Factors in, Chock lEeiä^jingr ^f 

^In;,a large number of situations^ inolu|&ag th&t of the aircraft örodcgit^ 
it I;«-a4?S68sary"that instruments and indicator's ^'i^;e;jfe:.^wl^ith:;-^;r-''g«ä*o» 
possible accuracy and speed«    At certain times, as for instance, when the plan 

; Is at ©raising Speedy the^airs^ed indicator is read* in this manner»    ,l!^t'is. r 
4t,vi»smerely  „otwokad* to.:.4ie^fjjm^ne whether, or «ot,a change of the 'iüdioÄtpr'    J , 
^rbai the normal or null, position-has oocurred,  " This restricted type" ..of..riding 
function has been defined in * report ^fG^^^X^yia-mMeklM differentiates 
it operationally from qualitative instrument reading >*iloh determines the meaning 
of a deviation from the normal or null position, and quantitative instrument 
reading whioh determines the actual numerical value of an indication«    this 
study is one in a series of experiments undertaken by the Psyohology Branch of 
the Aero L dleal Laboratory in order to establish some of the psydhologloal 
specifications for optimum oheok reading and qualitative reading efficiency« 

One important question with regard to oheok reeding of single instruments 
is the extent to which speed and aoouracy of reading is a function of the type 
of display principle used.    The purpose of the investigation was, therefore, 
to compare several widely differing means of presenting (jaantitative information 
over a wide range of -values with regard to their respective merits for ohook 
and qualitative reading purposes»    underlying the study was the assumption 
that the nature of moat oheok reading errors is such that it should be possible 
to eliminate many of them by proper design of instruments.    An illustration of 
tho improvements in ease ol check reading from changes in instrument desigh 
is found in a report by Warriok and Grether (6)  of studies of the design of 
engine instrument panels,,    Their investigations showed that a group of sixteen 
simulated engine instruments with horizontal pointer alignment could be oh%ok 
read in approximately 0.75 seoonds.    A study of altimeter design by »retaer (1) 
has shown that relatively great differences in speed and accuracy of quantitative 
reading oau result from differences in instrument design.    It is believed that 
most of the instrument reading carried out by pilots is in the nature of 
check rsading and qualitative reading rather than the. slss-er and more complex 
quantitative reading.    This belief is supported by a study of pilots'   eye 
movements during instrument flight (3), which showed that for most instruments 
the average fixation time is about 0.5 seoonds, which oould soareely permit 
reading the actual numerical value being indicated» 

The exact quantitative data chosen for experimental variation in  this 
investigation was +hat of the standard airspeed indicator.    Five commonly 
encountered principles of display were employed in instruments to be compared 
both under simple oheok reading and qualitative reading conditions.    A third 
comparison was made to evaluate some of the factors influencing performance 
on the standard rotating pointer instrument. 
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In carrying out this investigation three separate experiments were eondneted 
as follows»    ** 

^fepWiment ^ 
^. • ciples of Indication. 

-I^psriment..• Ef#-;, ^S^p^ C^ieck Reading B^üation of F£ve^i^^e«C^^ 
Principles of Indication»     ._  JV,' ^  r   :. 

«periment III. Qual it at ive Reading of Rotating Pointer and Rotatifig 
Dial Instruments in Dilation to Pointer Position and 
Bature of Response. 

•"•^v^.•;.„••.:•>•• •- ••• a.':   ••••. — "     •.--.• ••   -v*~ „ 

gspcrimsat No. 1»    Qualitative Reading Evaluation of Five       -^   ~':;;; 

Different Principles of Indioatiee» 

Purpose. 

The purpose of Experiment So«,  1 was to compare the speed and aocuraoy of 
qualitative reading for five principles of indication; a rotating pointer, a 
rotating dial, a moving pointer on a linear scale, a moving linear scale, and 
a direct reading counter.    Qualitative reading was measured by requiring the 
subjects to indicate by an appropriate switch movement vfcether a presentad- 
instrument reading was higher, lower, or the same as a desired and previously 
observed instrument reading» 

Apparatus, Procedure and Subjeots. 

Figure 1 (page 16) contains photographs of the five siaulated airspeed 
indicator designs used in this  experiment along with some of the results« 
These instruments all presented essentially the same information in wisely 
differing fashions. 

As seen in Figure 1, the five simulated instruments ranged from a direct 
reading counter (E) to a conventional airspeed indicator (A).    This latter 
design used a single pointer to indicate airspeed on a 50» to JOO-^ailo scale 
with graduations at every 10 miles, intermediate graduations at every 30 
miles, and numerals at every 100 miles.    As with the other instruments of 
this study, scale intervals were of equal site throughout the range of in- 
dication. 

Instrument 3 of Figure 1 somewhat resembled certain directional indicatorsj 
the pointer was permanently fixed at the 9 o'olock position, and the dial 
moved behind the pointer.    The pointer and a 120* aro of the rotating dial 
were exposed behind a window. 

V 
Instrument C of Figure 1, a linear scale with a moving pointer, was a 

linear counterpart of the oireular dial (A) with a moving pointer.    Instrument 
D, a moving linear scale behind a fixed pointer, bore the same relationship 
to the circular dial B, 
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Ässte^        ;• JJ*arf*twet .^rwßlltrg;^ oCTao^r-^|f- B? gPi gare-^-||^ 
on^altitudein&ioatör designs (ae> reference l) :We^^<i^oa«1srated to require"* 
a mininium amount of interpretation for quantitative reading but is thought    ^ '• 

^fcö^be- looking in certain valuable=;<K*as g^övias^j&y change* ifl "<eal#-^&^ia*«Pv:%-^ 
relatieffölttpBi""In this= öaStytnYS* 'coluiithV of • dlg*^ 
comparability to the other experimental instruments. >      - -^ '•^^^-••^•i^f;^^^}~^--:. 
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The testing equipment may be described briefly as follows* ^i« thi center 
of an 18-inch by 2^-inoh black bakelite panel was cut a 3 l/f2-ineh.square 
window before wliioh a shutter-like  shade of the same mate rial was lowered.     "-=*«. -''««ss 
The simulated instruments were installed directly behind the window in a frame-   ~~- 
work constructed in such a way that the five instrument assemblies could be 
interchanged and shown separately in an irregular sequence.    The instrument was " 
exposed by raising the shade with oontrols in the rear of the panel«    The 
opening of the shade started a clock which was stopped by the subject when     - 
the oorreot response was made,,    Upon completion of the   response, the shade 
was again lowered,  permitting the experimenter tc adjust the   instrument for the 
next trialc    By means  of measurements made with the Macbeth llluminometisfy 
the intensity cf illumination on the surface of the instruments was adjusted 
to approximately 30 foot lamberts for the white markingR on the  instrument 
faces. 

The subject held in his lap a three-way toggle switch for registering his 
responses«    According to the  instructions  given him the  subject was to push 
the switch handle upward if the instrument reading had increased beyond a 
desired end previously presented reading, to the right if it had not changed, 
and downward if it had decreased«    The clock for timing continued running until 
the correct switch movement was made.     In case  of  error the  subject always 
oorrected his response before the  screen was  lowered in pr-jpupation for the 
next trial. :::•.,"2-1^:;,.-"-^^ :.;_.:;;. 

During a typical test session, the subject was  seated tief ore the apparatus, 
ayes level with and~2£> inches from the display panel.    After appropriate 
instructions the  subject was  given a few practioe trials to acquaint him with the 
prooedure.    Following a ready signal from the administrator, the shade was 
raised to reveal one of the instruments«    The subject was required to note 
and remember the setting which was shown so that he could detect deviations 
free* it CM subsequent exposures.    Js. series of eight trials then followed to 
which the subject responded by manipulation of the switoh tc indicate whether 
or not deviations from the setting had occurred.    Because of parallax and  slight 
irregularities in the pointer alignment the  subject was instructed to disregard 
deviations frcm the original setting of less than one graduation or 10 miiee, 
though aotually no deviations  of less than 20 miles were presented.     Three 
successive sei tings with eight trials each were presented for each  cf the 
five instruments.    Both time and error scores were ^recorded by the adttiiciatr-itor. 
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 —.The~arder- of - -presentation of instruments and instrument eettiag« ..was .-...-•;. 
a^teBarttcaiijr varied;io:'b«A^ee''Q^~prc%%'ioie;'if8d fatigue affects, as well 
as any remaining warai-up effects. Mwith 20 subjects used in each comparison 
there was a total of l60 Judgements for each setting and itSü judgements for 
eaoh instrument.    Settings of igo^ 210 and 500 miles per hour were used -©iralS^»---^ 
instruments, with the exception of -the dial with rotating pointer -on which 
150, 210_ and .500 miles P*r. hour were presented«-   The 5°0 nil» P8* »our reading 
was included eb~ that settings from both the right and left halves of the   *Tw. 
dial would be presented.    These figures represent minor, intermediate, and 
tracer scale divisions-hut-were otherwise arbitrarily chosen* -.^Z;- 

The oruicial difference between this and the experiment which follows 
lies in the nature of the subject's response»    In the present instance, not 
only deviations from the original setting but also the direotion of deviation 
was noted.    Thus, if the instrument  on a particular trial or exposure indicated 
an airspeed which was in exoess of the original setting, the subject's response 
indicated not only that the reading wao different hut that it was greater 
than the original»    This type of interpretation is oalled *<Iu*Aitative" 
reading to distinguish it from simple check reading where only the presence 
or absence of deviations  is considered. 

Twenty male subjeots from the Aero Medical Laboratory were used as subjeots, 
five of Whom were qualified pilots with 600 or more hours flying experience. 
From examination of the data, it appears that experience of these latter sub* /' 
jeots in using the standard airspeed indicator did not have a significant effect 
upon the resulta. 

Results« 

...The. major results are shown in Table I and Figure 1 in terms  of the 
average response time and the frequency of errors for each of the  five indi- 
cators.    It will be noted that the reeponüie times range from 0«6l to 0.90 
seconds, and that the errors range from 6«3 to J2,& per oent of total responses 
for the five indicators. 

One of the most striking findings shown by these data from Experiment 
Ho. 1 is the rather great difference in speed and accuracy of qualitative 
reading for the right and left halves of the standard dial;with a rotating 
pointer.    In fact, for both speed and errors the performance on, the remaining 
four indicators fell between the two extremes obtained on the two halves of 
the standard dial.    That the right aide of a circular dial is aotu&lly as 
unfavorable as the results would suggest can be Questioned because of the 
nature of the switch response which was required of the subject»    On the right 
side of the dial an increase was indicated by ft downward deviation of the 
pointer, to wliioh an opposite (upward) movement of a togglo switch was required 
of the subject.    In contrast,  on the left half of the dfal an increase was 
indicated by an upward pointer movement requiring alao an upward movement of 
the toggle awitoh.    The results of Experiment Bo. 3 showed that this direction 
of awitoh in relation to indicator motion can have a considerable effect 
upon the results. 
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""•'££•'"'        Among the remaining indicators none of tlT6 diff&i er.ces war© vory great, 
^ ^a»»lib.ough In general the indicators idth_mq-yiEg._ao.ales eud stationary pointers 
^^^^;üff8ritjr''in terms_ of speed of response to those with moving pointers« =--» 

|K line^ dlWct^retöiiqpeT>u«ter ^w very satisfaclrory "results »being read only 
>,>_.^^lightly leas.rapidly than the best moving pointer indicators. _ 

Experiment Ho» 2.    Simple Check Reading Evaluation of Five Different 

Principles of Indication• 
«•«••.•-.a m    , ,^ ,     •• M i MMMMM M •     I     i n   ^ 

Purpose»   . 

The purpose of Experiment No. 2 was to compare the speed and accuracy 
of simple check reading for five principles of indication! a rotating pointer, 
a rotating dial, a moving pointer on a linear scale, a moving linear seals, 
and a direct reading oounter. For this purpose the subject was required to 
indicate by an appropriate switch movement whether a presented instrument 
reading was the same or different from a desired and previously observed-,,.  .; 
reading. ...... 

Apparatus, Procedure and Subjects« 

The same apparatus TOS used as in the first experiment although the 
testing procedure was saaerhat modified to suit the different purpose. 
Only two of the response switch positions were used and the subject was require- 
to move the switch arm to the left if the presented reading was the same and 
to the right if different from the desired and previously presented reading. 
As in the_pravious experiment three settings (150, 210 and 300 miles per 
hour) were used en each instrument and eight trials wer« presented at each 
setting* An ©zosption was made for the rotating pointer indicator for which 
four settings (150, 210, 500 and 610 miles per hour) were used in order to have 
two settings on the left as well as the right half of the dial. It 1« 
emphasised that the major change in the second experiment was that, the subject 
was required only to judge whether or not a change had occurred since the 
last reading. A decision as to whether the reading had increased or decreased 
was not involved, as it was in Experiment Ho. 1. Extensive counterbalancing 
procedures controlled practice, fatigue and learning effects. 

Twenty male subjects were again used, 16 of whom had aleo served in the 
preceding experiment. Approximately three weeks intervened between the two 
experiments• 

Results. 

The results of this experiment are summarized in Table I and Figure 2. 
It is evident that simplification of the task in Experiment Ho. 2 resulted 
In more rapid response time than was obtained fron the more complex qualitative 
reading in Experiment Ho.  1.    Moreover the differences between indicators 
were considerably smaller for simple check reading. 
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Id comparing the_resuits for th« Jbffferoitrt; indicatorsin Experiment' Ho» ~',*?"^r 
^Ci*S4*ftBÖfeed thai the difference between the rtght^änd left -half~ öfHai* 

standard dis£ wa«; considerably r^ 7       %!", 
reading; the direction of deviation-is not a fAeier in the response.    In'.. 
agreement with the firs&^p^.toe&t the fixe* p«J3irfeBr^in«fea^ 

"rga/ve"somewhat"p^J^l^sulfciS.   'Jlpparently dftpiacenent oT a poüVer ^"easier 
to detect and respond to than displacement of a scale.    For the type of reading 

^jrwou^edj.$£ '^hir .«xperimeht the direct reading oounter, %t was approxiiBately / 
^.e^i^olfe^^i^g'^o^^r indicators, '~i. and C-.       ^   •   . 

v%   JJ^ough t^ best and poorest, 
indicators in this  experiment is rather small (0»51 "versus 0.6U seconds) 

- it- can be assumed that the actual advantage of the best over the  poorest indicator 
is greater than this difference would suggest*    It must be remembered that this 
response time measures a combination  of perceptual time and motor tiss».    The 

. purely motor time was presumably a constant for all five of the  indicators. 
If the  peroeptuai time could be separated   ?rom the motor time and the differences 
expressed as per cent increase in perceptual time, the relative merits of the 
various indicators woui.1 become more evident« 

Experiment Ho. 3»    frialitative Beading of Rotating Pointer and Rotating Dial 

Instruments in Relation to Pointer Position and Mature of Besponsae 

Turppe»« ;.-"-...-;~^.~L..^:L -__:—:•••:. _..:...-.-_ '- 

Experiment Ho. 3 **•« conducted is order to broaden and extend some  of the 
findings of the two previous investigations.    From the first two studies. 
.it was evident that an indicator incorporating a moving pointer on a fixed 
dial is superior to a fixed pointer on a moving dial.    It also appeared that 
the effiaaey of qualitative reading of the rotating pointer instrument might 
be a function of the sector of the dial from which readings are being made 
and that this is probably reiatod to the type of response motion.    In this 
third experiment tnly the rotating pointer and rotating dial indicators were 
studied with special referenoe to the dial quadrant and the direction of re- 
sponse switch motion being used«     : 

Apparatus» Procedure and Subjects» 

The apparatus and experimental procedure of this study follow that of 
Experiment Ho» 1 in outline but differ in several important respects.    Though 
only the two circular indicator* were used (rotating pointer and rotating 
dial), eight different evaluations were made sinoe eaoh of tie   four quadrants 
of eaoh dial was considered as a separate instrument.    The instruments wer*' 
noueted in the same exposure apparatus and rewording end adminifltration were 
the sane as in Experiment Ho. 1*    However, instead of being required to remembe* 
from trial to trial what the correct setting should be, the subject had 
directly opposite him on the left a referenoe dial with the correct setting 
to whioh he could refer at any time. 
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In this study the subjects wein* di- 
with the four principle ways in which a switch might..he] movold '|n.respons^-'^ 
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del into flpur groups .iii-jiceordancrr:^; . -.j0 

••'•^fc&ik-X reading Äioh-was too high (that is, up* dflwn, left or rigJtfc}* 
Baoh subject was-tested on all ^quadrants of-both instruments so that for. eaoh 
grbtip of fire vSubjects^ the motion of the response switch and of the/poöi^fr''^. 3[ 3 

^^-^airf^oe^fw^fc4J9 agreement in one quadrant, in ^k^^'-^^^S^KW^^^^.^^S 
the. opposite quadrant, and presumably unrelated in the two remaining quadrwSk«-*, 
As before, settings of 150, 210 and 300 -were nsed on all instruments, but m '',11.'.=« 
equal number of settings at l#Qr 500 and XjO were also included in the event 
that scores might be appreciably influenced by the si%o of the numerical 
readings.    Extensive counterbalancing procedures controlled practice,  fafclwte 
and learning effects«, - 

As in the previous experiments, 20 male member a of the Aero Medical 
laboratory staff were used as  subjeots,  15 of whom had served in both former 
studies and 3 °? whom had served In only one, the remainder being used far 
the first time. 

Results« 

The results of Experiment No»  3 are summarised in Table  II -which gives 
response tim«s and Table III which gives errors»    In both tables the results 
are broken down according to  subject groups, each group having a different 
response switch motion for signalling increase and decroase from the desired 
reading«    The underlined valaes in the tables  are for the dial quadrants  in 
wMoh the switch motion was  in the same direction as the  pointer deviation for 
the rotating pointer indicators«    For the rotating dial indicators the under- 
lined values have the same meaning, except that there was actually no pointer 
movement»    Rather the dial moved behind the pointer in the opposite direction. 
For this latter case, therefore, the underlined values indicate dial motion 
is a direction opposite to that of the required response switch motion» 
At the bottom of. Tables II and IH are the combined data for .all groups  on    _ 
the eight types  of indicators« 

In all instanoes the results favored the rotating pointer over the rotating 
dial«    As might have been expected,  performance on any quadrant  of the 
rotating pointer instrument when  switch and pointer movement coinoided was 
very substantially superior to performance on the same or opposite quadrant 
when switch and pointer movement disagreed.    In cases where the switch and 
pointer movements were independent or in opposite planes, performance was 
generally poorer than for quadrants where movements ooincided and quadrants 
Where movements disagreed.    This is a reflection of the fact that subject» 
may sometimes improve their scores with reverse motion relationships by 
orienting themselves to correct for the change in the pointer or dial position 
rather than to follow the pointer movement.    Certainly it  is clear that in 
general responses tended to follow indicator movement and that  performance 
en any instrument was closely related to the mode of response« 

No cvidenoe was «massed which would indioate unequivocally the superiority 
of «ay one dial quadrant over any other»    General tendencies for shorter time 
and fewer errors in the 9 and 12 o'oloek areas support the results of a related 
study by Warrick and Qrether (6) on the influenoe of dial sector on  speed and 
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* flumfflary and Interpretation ]öf" fieaults of ?hrcc Experiments 

Settferal. general finding» /with, regard to eaae of check and qualitative 
reading are revealed by the results of the three studies.    In all oases  
a moving dial or scale behind a fixed pointer .resulted., in somewhat poorer 
p"i?förtjanöe, partioularly in terms of speed of respoase*    There was also some 
tenflenoy to sake more inoorrect responses on this type   of indicator.    This 
general finding indicates that displacement of a scale is more diffioult to 
detect and interpret than a comparable displacement of a pointer.... the reason 
for this is probably that check reeding of the scale requires reading of 
one or more of the numerals on the scale«    Oa a moving pointer indicator 
a mere shift in position of th^ pointer is a Sufficient cue... and the.num-prals.„___... 
on the  Scale üeed net be read«    On a rotating pointer indicator the*"»  is 
not only a displacement of the pointer tip but aleo a change in the angular 
position of the pointer.    For this reason,  probably, the rotating pointer with 
comparable direction of motion appeared to be slightly superior to * pointer 
moving against a linear scale.  - "'"£:;.:-?"_'." ^-' 

This finding that moving scale indicators are inferior isvsttöewhat in 
conflict with results obtained by Sleight  (1*)  in favor of open window (moving 
scale) instruments.    There are twn possible explanations for this disagreement. 
The experiment by Sleight was concerned only with quantitative reading and used 
a controlled exposure interval which permitted no shift in visual fixation 
from that whioh the subject had made in advance of the exposure.    It is 
believed that suoh a controlled exposure favored the open window or moving 
scale indicators sinoe on these the subject knew in advance where "the indication 
would appear.     :; : ^"-; ^._: 

inother finding which was clearly revealed by the present series of 
experiments is that the nature of the response required of the subject has 
a considerable effeot upon the findings with regard to qualitative reading. 
This was especially clear in--&periment Ho, 3.    This finding gives emphasis 
to the need for adequate knowledge concerning optimum relationships between 
indicator and control movements in aircraft*    SJM data os this problem 
are already available from experiments by Warrick (5).    It is quite clear 
from these instances that any experiments on instrument reading which require 
a manual response must give adequate  J an side rat ion to the  role played by thie — 
response in influencing the results«. . 

It appears quite evident from the results of this ieries of experiments 
that the most common airoraft instrumenb, a rotating pointer on a circular 
dial, is an excellent type of indication for the purposes of cheok reading 
and qualitative 'reading;.    Ifhen judgement of the direction of a deviation is 
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^^wriawa^'-fl^L^;*irJpJi|^ftx±ti«^:--f«adlB^-^feS| iad 12 o'clock positiona of 
^^SuoliFa^diaf^a^^ 
—*,In.3thii-respect the^refults «upport, the eMJj^Ojr fiodings of Warrick and     __ 

Ct«r.; 

;\ - . Another noteworthy f-in ding of this in vest 5 ^&t loh" is that a direct roading 
pounter with only three digits is -very easily check read, being among the 
test of the indiö&tors studied.    Judging the direction or the delation:j.--:i;^ 
that is qualitative reading, was also quite easy with this  indioator.    It 
is-believed, however, that further studies  should be made before it can be        - 
safely concluded that direct reading counters should be put into general "•'_ 
use as aircraft instruments.     It,is  quite probable that counters with more 
than three digits'might give quite different results.    It is also" possible that 
in instrument groups, where the reader would be required to shift from one 
indioator to another or check the group as a whole, the results for the 
direct reading counter might be less favorable. 

    ...,....",.."_' .'Z ~Z.'. Conclusions. .'".'."."" Z.'SJ''.r!^."". 

;•-'-- From the findings of this investigation the following conclusions, oan b»^.__. 
drawn 1 

1.      Moving pointer instruments are in  general superior to moving scale 
instruments for ease of check, and qualitative reading. 

2. For judging the direction of an instrument deviation in terms of 
increase or decrease the 9 «Qd 12 o'clock positions of ex oircular dial are 
somewhat  superior to the 3 and ^ o'clock positions. 

3<i    ,Jt moving pointer on a oircular dial appears to be slightly superior 
to a moving pointer on a linear scale fT ease  of cheok reading*    For quali- 
tative reading the moving pointer on a linear scale appears to have a general 
advantage over a rotating pointer sinea the former has the same direction 
of motion for all parts  of the  scale, 

h»      A. direct reading oounter with only three digits gives excellent 
results for ease of cheok and qualitative reading when only one instrument 
ie being read as in this investigation, 

5»V   la- measurementa of^ qualitativ? reading, which involve judging the 
direction of a deviation, the nature of the response required of the sub Je ot 
is a significant factor in determining the speed and accuracy of response. 

11 
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